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ABSHUCT 


Th«  design  and  prallnlnary  ua«  of  an  apparatus  and  Method  for  the 
steam  sterilisation  of  food  for  gcrmfree  animals  Is  described.  The  need 
for  such  a  system  la  shown  by  an  examination  of  other  existing  methods. 

In  addition,  the  general  gnotoblotlc  techniques  and  equipewnt  used  In  this 
colony  are  described  and  the  purpose  of  maintaining  such  a  colony  Is 
discussed. 
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I.  irnucoucTiCTf 


ftecent  advance*  In  gnotobiotlc  technology  preeage  an  increase  in  th> 
use  of  gnocoblotic  laboratory  anlaala  in  wdlcal  and  blclogical  rescar'.  i. 

In  Juna  1960,  a  gtsotobiotlc  workshop  for  laboratory  anlaal  breeders 
was  held  at  Lobund  Instltuta.  Participants  at  the  workshop  defined  three 
major  goals  in  the  developmmnt  of  a  gn^'tobiotic  program; 

(a)  Development  of  adequate  apparatus  and  methods, 

(b)  Di:^*rminat  ion  of  useful  microorganisms  fur  association 
with  gnotobiotlc  host  an.'smls,  and 

(t)  Determination  of  t'.ie  best  associations  of  gnocoblotic  hosts 
and  microorganism*  for  various  research  purposes. 

An  leportant  implication  of  the  first  goal  is  that  chc;  apparatus  and 
methods  developed  ssjst  be  not  only  adequate  for  Che  production  of  gnotu- 
biotic  aniatals  but  also  economically  feasible  for  us'  b>  cnamKiclal 
■;  nhorarnry  *nliu  l  breeders. 

Another  imporcanc  result  of  the  workshop  was  the  realization  by  the 
participants  that  a  nuc Isus  of  gnocoblotic  stock  could  be  used  to  inpreve 
the  quality  of  their  existing  animal  colonias. 

Staff  (mmbars  of  the  Animal  farm,  U.S.  Army  Biological  Laboi ator tes , 
Port  Derrick,  Maryland,  partlctpatad  in  th*  Lobuod  workshop.  !he  Port 
Detrick  Aniael  farm  ha*  besn  in  operation  since  1944.  for  the  past  12 
years,  the  farm  ha*  maintained  specif Ic *pathogeu>frcc  colonies  of  mice 
and  guinea  pig*. 

As  «  rosilt  cf  part Ic ipat Ion  in  th*  workshop,  a  ramll'scsle  gn^to* 
biotic  program  was  initiated  at  th*  Port  Detrlck  AhIsmI  Perm.  The 
program  he<  three  major  objectives: 

fa)  .'o  investigate  th*  adeptebility  o  f  existing  gi.'tc.blot 
te.hniques  t  >  Animal  Parm  fatllltlcs, 

(b)  To  Improve  th*  quality  ot  th*  Aninsl  Perm  s  «pe 
paincgtn  fr.’e  breeding  (ulontea  by  piovldln*  e  nucleus  >>f  <h  1 .  (  i > 

••tock,  and 

'.)  To  provide  e  fund  of  experience  in  gn<'t  'bi.it  u  lei.l.n''i'’gv 
f.  r  fi.t  r.  j*‘-  in  Here  t-sbore.  >t  lea . 

''’r  baei-  kO  tobloci,  apparatus  and  amth'Mi*  initirllv  irpl  \<  •  wi  i . 
dev<lup.d  and  report"!  by  other  Inv  ytlk.ator'-.  notah'v  R  It.'l.t 

and  teeii  ai.iiaros  at  Lohittid .  Many  >>f  ( hi  >  r  .tppai  ut  m  l  i  '  ..1  w.  i  . 
siap’id  (o  Oof  own  (ai,iltti*4  with  only  minor  »<>di  ( i ,  .ii  i  n . 
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Baw«v«r,  •ffttctlv*  •C«rllis«Cioa  of  food  proved  «  Mjor  problea. 
Concaainmcloas  occurred  during  our  early  atteapCe  to  eatcbllsh  and  operate 
a  gnotobioCic  ayaCM.  Thaae  caa«a  of  coataadnatloa  were  traced  to  In¬ 
adequately  aterlllsad  food. 

la  t'ala  aathod  originally  eaiployed,  food  la  paper  baga  uaa  placed  In  i 
natal  cun  dealgaed  for  uae  wltb  gernfree  laolatora.  The  cana  and  their 
coatenta  then  were  atean  acarlllaed  la  aa  autoclave,  which  had  been  evacu¬ 
ated  to  2S  lacbea  of  aarcury  preaaure  before  ataaa  waa  releaaee  Into  the 
chaahar.  Subaequeat  laveatlgatloaa  abowed  that  the  length  of  tlaa  required 
to  effect  coaplete  atari llaatloa  by  thla  aathod  would  reault  la  aa  un¬ 
acceptable  loaa  la  the  nutritive  value  of  the  food. 

Appralaal  of  aalatlns,  alternative  atarlllsatloa  aethoda,  auch  aa 
Irradiation  or  the  proceaalng  and  preparation  of  apeclat  fooda,  Indicated 
that  they  were  prohibitively  eapeaalve  for  the  acope  of  our  operatlona. 
Conaequeatly,  aa  Inveatlgatloa  waa  uadertabea  to  detaraine  the  poaalblllty 
of  evolving  ecoaoalcal  and  effective  apperatua  aad  aethoda  for  the  atarl- 
lliatlon  of  food  for  gaotoblotlc  aalaala. 

Thla  paper  la  a  prallalaary  report  of  the  reauita  of  thla  Inveatlgation. 

rirat,  we  will  preaent  a  brief,  general  deacrlptloa  of  the  baalc 
epparatua  aad  nathoda  uaed  la  eatabllahlag  our  gaotoblotlc  ayatea.  Including 
pertinent  audit Icatlona  ande  at  Tort  Detrlcb.  Detailed  deacrlptlona  of 
theae  baalr  apparatua  and  aethoda  caa  be  found  la  the  original  reporta 

Hated  la  the  tefereacea. 

Second,  wo  will  preaent  a  det.alled  deacrlptlon  of  the  dealga,  con- 
at  ruction,  aad  operation  of  aa  apperatua  for  the  ataaa  atari  lUat  Ion  of 
food  for  gaotoblotlc  anlaala. 

finally,  we  will  auanarlte  our  reauita  to  data  aad  Indicate  the  trenda 
aad  objectlvea  of  future  work. 


TI.  CE-VItAL  CSOTOBtOtIC  AfPAlATUS  A.KD  MgTrXCS 


A.  ISOLATGftS 

The  anlnel  laoletors  u>e<t  in  our  Inveatlgetiont  ere  Modifications  of 
thca«  originally  daacrlbad  by  Traxlcr  and  Raynolda.-^  Oura  arc  fabri¬ 
cated  locally  froM  20-«ll  polyvinyl  chloride.**  The  baalr  unit  Meaaures 
24  by  24  by  4«  inchea  and  ia  aupported  on  a  ply  ood  fraaM.  Acceaaorlea 
include  a'.andard  one-piece  neoprene  glovea,  an  inlet  air  filter,  a  trap 
for  outlet  air,  a  pait-through  lock,  and  a  aterlllaatlon  port.  Front  and 
rear  vlcwa  of  the  iaolator  are  aboeni  in  Flgurea  1  and  2. 

The  ;tolator  units  are  prepared  for  uae  in  the  following  Manner; 

First,  Inlet  of  the  air  filter  that  attachea  to  the  iaolator  is  sealed 
off  with  a  Mylar  plastic  film.  Meat,  the  filter  la  sterilised  with  dry 
heat  at  1V)'C  for  two  hours,  then  a  polyvinyl  chloride  cover  la  placed  on 
the  filter. 

The  air  filter  and  other  accessories  are  attachad  to  the  basic  unit. 

A  spray  gun  Is  passed  Into  the  unit  through  the  lock,  an  air  pressure 
tine  It  run  l.ito  the  unit  via  the  sterl  litat  ion  port,  and  'he  entlie 
Interior  of  the  unit  Is  sprayed  with  a  two  per  cent  perscetlc  ecid  sol  i- 
tl on.  Tne  gun  end  air  pressure  line  are  reaoved  Irom  the  unit,  the 
pass  'trough  lock  and  ■tatlllaatioa  port  are  apreyel  and  sealed  off.  and 
the  unit  ts  allowed  to  stend  ovsrntght. 

ieai,  en  operetor  done  the  gloves  attached  to  the  isoletor  end 
rtache*  ecroaa  Inatde  the  unit  end  punctures  the  Myler  plest Ir  fllr 
covering  the  Inlet  of  the  eir  filter.  The  air  supply  line  it  attached 
to  the  outside  sleeve  of  the  elr  filter,  end  the  eir  Is  turned  on 
fosltive  elr  pressure  ts  Maintained  within  the  unit  throughout  ell  sub- 
aeguent  operations  Following  the  24  to  4A  hours  allowed  fot  drying 
Che  interior  of  tie  unit,  the  lsv>lat»r  la  ready  for  use. 


».  A.TaUVt 

e  sjto  lavs  u»ed  Iti  these  aludlea  consists  of  a  onvenl  ions  I . 
l)*ps>R  (22  pstg  MaalMJM),  )scke..«d,  steel,  pressure  vessel  wit*'  a  door 
on  u'a  ene.  P-e  autoi lave  hee  aeperete  steea  feed  end  condensaie  line« 
so  iha'  the  JecLst  and  chenber  ten  be  operated  teperately. 

Th  si'o.  leva  has  bien  atodlfied  by  the  crtsihMenc  of  a  plston-t>r«» 
va.t  ,»  p  n>p  whl'h  IS  used  to  leduce  the  chaaber  pr**,..ri  tv;  2N  i'kI*'. 
of  (Ml  i;  .  .  t  purpose  of  the  •*'eMb«r  va.  uum  it  twofold;  1  s>  to  *4i  1^ 


*  S*  I  .  I  •  I  s'  ,  ■  e  tiled 

**  Csditls  Fls«t!  't  and  Citr.al  C.mpany .  D*  i  r  >  1 1  “I 


.•  ■<  •' . 


risMT*  l.  froac  view  ot  riaetic  Isolator  for  Cnocoblotlc 

AaiMls,  Showing  Attached  Clovna.  (F1>  Kng  C*63)A) 


Figure  2.  Rear  View  ■>(  Plaattc  Itt  lalor  f»r  Cnotuhlotlc 

Anlawls  Shtarlne  (left  to  rl>(htl  Air  Trap,  Pa«a- 
Throuiih  L*>ck,  tnlrt-Atr  Plllrr  with  Air  Supply 
Line  Attarhed,  and  St  r  r  1  I  i  /  at  i  >m  Port  on  RIkI’C 
tno.  (FD  Ney  (  -*.t  il» 


thi  chamber  air  so  that  the  st:aa  enters  with  a  drivj-p',  f  irci?  th.i'  t  ,•  1  p  • 
it  to  ber.errate  thoroughly  the  microorganica)  ly  cl-.sei  system  sCe  ; - 

lixcd,  and  (b>  to  reduce  the  total  c  laa  requited  for  ttc  thambtr  and  itiif 

In  it  CO  reach  scarilixatlon  temperature. 

Tne  general  aterilixatloo  procedure  la  aa  follows;  Fifteen  miruites 
prior  to  a  ateri lltat ion  run,  the  j»ck«t  of  the  autoclave  Is  pr’leat  ’d  ■  u 
reduce  the  chamber  hear -up  Clam.  Then  the  icetta  to  be  sterilized  aru 
placed  In  the  chamber,  Che  door  la  closed  securely,  the  vacuum  pump  is 
trertcd.  and  the  chamber  presaure  la  reduced  t>  28  Inches  of  mercury. 

0r.ee  the  proper  pressure  Is  reached,  steam  la  released  Into  the  (hamh.  r, 
and  the  system  It  brougfit  to  15  palg.  The  chaadter  conden.sate  line  is  nit 
opened  until  Che  chamber  leache*  atiaoapherlc  preasuie.  The  ste  1 1 11  zat  .  i 
time  Is  measured  from  the  time  et  which  the  chember  reaches  25C‘F. 

When  tne  sterilization  cycle  la  complete,  Che  chaober  steam  Is  s'mjc 
off,  and  t'le  contents  are  allowed  to  rcstnln  in  the  chamber  for  an  ad¬ 
ditional  IS  minutes  to  dry.  A  steam  Jet  ejector  o.n  the  autoclave  par¬ 
tially  evacuates  c^e  chaedter  and  removes  moisture  during  this  part  of 
the  cy:  le  . 


C.  StUILIZAilCM  CAMS 

Ttesc  cens,  used  for  the  sterlltzatl'''r.  of  bedding,  water,  and  food 
And  their  subsequent  transfer  to  gnotoblitlc  Isolatoi',  have  undergon* 
conalderah  In  Invest  Igac  loss  during  our  studies.  Tie  can  currently  In  use 
proved  the  best  of  three  types  investigated, 

s  aAest  problem  la  basic  tc  auy  can  usad  for  this  purpose;  Whiut 
a  can  ftllsd  with  bedding,  wator,  or  food  la  placed  In  the  eii'iclavc.  It 
must  be  a  mU  root  genic  a  I  ly  closed  unit.  The  can  must  have  an  e^f''ctlve 
ml  c  rv  -'ryan  U  barrier  that  not  ottly  will  allow  efficient  steillizatton  ol 
the  can's  interior  and  contents  but  also  will  keep  the  can  closeJ  t o 
subsx-q  .«■ -i»  c  >nt  amlrat  1  .>n  foll.iwlng  removal  from  the  autoclave. 

Tt-z  basic  can  noAs  being  ueed  Is  24  inches  long  end  hss  an  Inside 
dlamti  r  o'  11^  In'hes,  escept  at  the  open  end,  whKh  flare.s  in  t  ►'>■  last 
half  to  an  outside  dtaneter  of  12  Inches  (figure  ))  .  Thi  si'ltd 

port;i>.«  >f  tt"  c  a->  are  corscructed  of  18  gau<<e.  Type  104  s’.  .i  l  n  I 
iteel.  T*  e  central  portion  of  the  ran  le  ccnatructed  oj  flattenid' 
dle»k<nd  pattern,  H'lnci  by  18-gauge,  stalnleee  steel  expanded  re'ai. 
which  provl.i^'  in  'pen  surfai#  area  ranging  befzeen  65  ami  '0  p«'r  i  •■n’  . 
The  open,  ctnt'al  portl  -n  of  the  i an  is  12  Inches  long. 

A  »i  ■  r  •or  gan  I  c  harrier  I*  created  over  tne  tent-al  pirtl.n  o|  (li, 
renwlt*  s  fla.lirt  wrappl-'giif  foot  layers  ii  V-n;*.  F'  ‘'tl  fib'  tv  It 
filter  mat  •-rill.*  fnl-.  wrapping  tve  t  I  <p*  I  •c  - 1  i  1  p.  u  I  I  "•>  o  t  i  .-i 


♦  Aim  t  I  ■  V.  All  S  I  1 1  ft  Ooupaor  In;  .  I  oul  ■  v  i  I  1«  ,  ki  oi  k  v  . 


rticur*  3.  Ov«t-A11  View  of  Beelc  Stcrillcer  Caa,  Showing 
Expanded  Metal  Center  Sectloc.  (FD  Neg  C-6310) 


figure  •<.  Sterillrer  Can  Ready  ior  Sterilisation,  Showing 
fitter  and  Protective  Covering  Strapped  In  Pl-ir*, 
Wire  Mesh  Metal  Plat  lorn  in  Bottoe  of  Can,  and 
Mylar  Plaatic  Covering  0(»-n  End,  (FO  Heg  C-nllt) 
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by  ab  cut  tvo  Inches  at  each  end.  A  protect  i-’e  layer  of  14  by  13  r«.sh 
copper  scrfanlng  then  la  placed  ovt.'  the  filter  material  and  clamp-. .1 
aa^curely  in  place  with  standard,  ^-Inch,  flet  steel  scrapping. 

A  platform,  5  Inches  wide  by  23  Inches  long  and  constructed  of  the 
same  aaCerlal  as  Che  central  portion  of  the  can.  Is  placed  in  tbs  bottom 
of  the  can.  Thla  platform  prevents  conaensed  steam  from  saturating  the 
contents  of  the  can  during  acerlllaatlon.  When  a  filled  can  la  ready  for 
sCerillaation,  the  open  end  Is  covered  wlcl.  Myl  r  plastic  stretched  over 
the  flare  and  fastened  with  one>inch,  tram  parent ,  pressure-sensitive 
plastic  tape.*  A  can  with  the  mlcroorganlu  barrier,  platform,  and  plastic 
coveting  all  in  place  is  shown  In  figure  4. 


0.  CSNtlAL  GNOrOBlOriC  UCDSN 

Isolator  units  were  prepared  to  receive  gnoCobloclc  stock  In  the 
manner  previously  described.  Basic  equipment  to  ba  used  within  the  Iso¬ 
lators,  such  as  animal  cages,  we'-e  placed  In  the  Isolators  and  sterilized 
at  the  sastt  time  tiie  Isolators  were  sterilized. 

CnuLubiotlc  mica  were  derived  by  Caeaarean  aectlon,  ualng  the  cisthoda 
end  CechnlQucs  described  by  Keynle.  amaJLt  and  ochart,  ^Choda  and  tech¬ 
niques  used  in  the  Caesarean  derivation  of  gnotobiotlc  guinea  pigs  will 
be  reported  In  another  paper. 

All  Caesarean  sacClona  were  performed  In  an  laolator  unit  sxxllfled 
for  the  purpose,  thla  laolator  haa  a  pair  of  glove  porta  on  eacn  aide, 
and  the  pass-through  lock  la  located  at  one  end  Insteed  of  at  the  rear. 

An  access  por*  and  platform  for  holding  pregnant  femalea,  slnllar  to  thut 
described  by  Bcynlcra^s-^  and  others,  is  U'cated  In  the  center  of  the 
base  of  the  Caesarean  laolator  unit. 

Caesarean -derlV'^d  stock  are  transferred  from  the  Caecarean  i  -olat  .'r 
unit  to  a  regular  isolator  In  the  following  manner:  the  outside  covers 
of  the  pass-through  locks  on  both  units  are  removed,  and  the  lock:,  are 
connecteo  by  a  polyvinyl  chloride  sleeve  b>ld  securely  i  i  place  by 
prt  ssurc  - i *  tve  tape.  lubber  stoppers  are  r<»Bvived  from  tl. »  two  stcri- 
llzatlc'ii  portr  on  the  sleeve,  and  air  in  the  sleev.  Ir  erbau-teJ  by 
collapsing  th*-  sleeve  by  hand.  The  sleeve  then  Is  relnflat'.a  vil.i  a  miat 
of  two  per  :ent  peracetic  acid  sprayea  through  the-  sterilization  ports. 
The  port^  and  .-toppers  ate  sprayed,  the  stoppers  are  replaced,  and  ihe 
units  are  allowed  to  stand  f-nr  one-lall  hour,  at  whicr.  tirie  the  sle'.’ve 
Is  considerrl  to  be  sretilt.  Inside  c.nvers  .if  the  pas  - 1  *- lock- 

of  both  ...nits  t-en  are  removed,  and  the  t'aesat  e  j-. -d.  r  .v’d  .i*  ;  oti 
are  tiensfcrr.d  to  lii,-  regular  is<ilator-:. 


*  Scot.h  3rind  Vo  471,  Minnefota  Mining  and  Man  .ia:  t  .t  i  nc  !  ■-'p.icv  . 
Paul,  Kinnesnti 
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In  practice,  the  two  Ixolators  are  connected,  and  the  aleeve  is 
sterilised  before  the  Caesarean  is  perfurwed  in  order  to  keep  the  ttiue 
between  Caesarean  derivation  and  transfer  of  the  young  to  a  nlnlnum. 

Originally,  gnotobiotic  alee  provided  by  Lobund  Institute  were  used 
as  poster  anthers  for  Caesarean-derived  litters  froa  our  own  breeding 
steer.  laaediately  following  parturition  by  a  Lobund  feaule.  Caesarean 
s  .ion  was  perforaed  on  a  selected,  parturient  ieawle  froa  our  own  breed¬ 
ing  stock.  The  litter  in  the  isolator  tnen  was  rei  laced  by  the  litter 
derived  by  Caesarean  section. 

Food,  bedding,  and  water  used  in  our  studies  originally  were  sterilized 
in  the  autoclave  and  sterilizer  cans  previously  described.  However,  in¬ 
vestigations  conducted  foil. -wing  the  contaiaination  of  sosa  isolators  shewed 
that  these  apparatus  and  sathods  were  unsatisfactory  for  food  sterilization, 
the  tlae  periods  ro<|ulred  to  sterilize  the  food  effectively  were  in  excess 
of  the  allowable  Units  for  the  heat-labile  vitaain  constituents  of  the 
diet  being  used.  This  problen  led  to  the  developaent  of  the  food  sterili¬ 
zation  unit,  which  la  described  in  Section  III. 

The  autoclave  and  sterilizer  cans  still  are  used,  however,  for  the 
routine  sterilization  of  bedding,  water,  and  niscellaneous  equlpennt  and 
instruaents  passed  into  our  gnotobiotic  systen.  All  are  sterilized  at 
2S0'F  for  90  alnutes,  using  the  autoclave  procedure  previously  described. 

Following  sterilisation,  the  sterilizer  can  is  connected  to  an  Isolator 
unit  with  a  plastic  sleeve  identical  to  that  described  for  the  transfer  of 
Caesarean-derived  stock.  Methods  used  for  the  sterilization  of  the  connect¬ 
ing  sleeve  also  are  td*nticsl.  When  sterilization  of  the  slaasi  is  complete, 
the  operator  dons  the  gloves  on  the  isolator  unit,  reaoves  the  inside 
cover  of  the  isolator  pass-through  lock,  punctures  the  Mylar  covering  on 
the  steriliser  can,  and  transfers  the  contents  of  the  can  to  Che  interior 
of  Che  isolator.  The  inside  cover  of  the  isolator  pass-through  lock  i.« 
replaced,  the  connecting  sleeve  is  detached,  the  outside  cover  of  the 
pass-through  lock  is  replaced,  and  the  pass-through  lock  is  sprayed,  via 
Its  sterilization  ports,  with  two  per  cent  peracetic  acid  to  insure 
sterility. 

Figure  S  shows  a  stsrniser  can  connected  to  an  isolator.  Figure  6 
shows  a  roll  of  the  terry  toweling  used  for  gninea  pig  bedding  being 
transferred  to  the  interior  of  an  Isolator. 

Our  gnotobiotic  studies  now  ar«  about  two  and  a  half  years  old.  The 
contaainat Ions  experienced  early  in  the  work  apparently  were  caused  by  '.he 
inadequate  sterilization  of  food.  Since  the  completion  of  our  det.iiled 
studies  of  sterilization  techniques  and  the  Installation  of  the  food 
sterilization  unit  described  in  the  following  section,  no  cunt mat i one 
have  been  detected. 


l>J>y  J?  -  -  ^  * 

'I  iC  -*  ^ 

1^  f  >v  i 't*  0 
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Trarnt'jr  of  Sterile  Bedding  for  Sterilizer  Can 
into  Plaetlc  Isolator.  (FO  loc  C-6J51) 


Fitur*  S.  Sccrilisar  Can  Coonactad  to  PUatlc  Isolator  for 
Transfar  of  Starllixad  Materials.  (FD  Nag  C-6JS0) 


A.  BACKCKOUW 


Wicn  Ic  b«caaa  apparent  that  tha  axlaclng  aethod  of  ataaa  atertllzing 
food  waa  Inadequate,  alternative  ateriliaatlon  aethoda  were  Inveatigatcd. 

Beta  Irradiation  sterllltatlon  ayataae,  auch  aa  thoae  In  uae  at  the 
National  Inatltutea  of  Health  and  elsewhere,  were  producing  good  results, 
but  they  proved  too  expensive  for  our  purposes.  Hmever,  one  character* 
Istlc  of  such  systeaa,  the  packaging  of  sterile  food  In  sealed  plastic 
bags,  was  adopted  for  use  In  the  systea  we  developed.  Invest igat Iona  of 
the  processing  and  preparation  of  special  dl^ts  within  our  gnotoblotlc 
systea  also  Indicated  that  the  coats  would  be  prohibitive  for  the  scope 
of  our  operations. 

When  the  Investigation  of  alternative  aethoda  Indlcatad  that  further 
effort  would  be  unprofliable,  we  decided  to  re*exaalne  the  steaa  sterili¬ 
sation  swthod  being  used.  (Xir  purposes  were  threefoll: 

(a)  To  deteralne  the  reasons  for  the  Inadequacy  of  tha 
existing  aethod 

(b)  To  coaplle  data  defining  optlaua  sterllltatlon  conditions 

(c)  To  use  the  data  thus  obtained  to  develop  apparatus  and 
aethods  '  r  the  econoaUcal  and  effective  sterllltatlon  of  food  for  use 
within  our  gnotoblotlc  systea. 


B.  KVALUATiOM  OT  TW  EXISTING  KBTHOO 

Although  rather  exhaustive  tests  were  conducted  during  this  evaluation, 
only  the  pertinent  points  are  suaeiarlzed  here. 

In  order  to  laasure  the  heet  transfer  characteristics  of  Itcas  pro¬ 
cessed  In  It,  the  autoclave  previously  described  was  aodlfled  so  chat  four 
Iron-constantan  theraocouple  leads  could  be  Inserted  through  the  steaa 
rondensate  line  Into  the  cheaher.  The  leads  were  long  enough  to  pemit 
then  to  be  Inserted  not  only  In  aaterlal  placed  openly  In  the  ai.toclave 
ebaeber  but  also  In  aaterlal  contained  In  sterilizer  cans  placed  In  the 
cheaher.  A  12*potnc,  cont inuous -recording,  strip-chard  recorde:*  was 
used  M  Che  Indicating  and  recording  systea  for  the  leads. 


*  Wodcl  1S3X60PI2-X-111,  0-}00*r.  Minneapolis -Honeywell  Regulator  Company , 
Philadelphia,  Pennsylvania. 
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The  food*  used  In  the  tests  wss  handled  In  two  ways:  (a)  It  was  packed 
In  Nuaber  5  kraft  bags,  and  (b)  It  vas  spread  four  Inches  deep  In  wire  js.sh 
baskets  five  Inches  wide  by  five  Inches  deep  by  sight  Inches  long.  Food 
prepared  In  each  Manner  was  tested  In  the  autoclave  In  each  of  the  three 
types  of  steriliser  cans  being  Investigated.  In  the  tests  with  Che  sterili¬ 
ser  can  previously  described,  autcrlave  tests  were  run  both  with  and  without 
vacuta.  Tests  also  were  conductad  with  food  prepared  In  both  ways  and 
placed  openly  lu  the  autoclave  chaabar;  chate  taets  also  wars  run  both  with 
and  without  vacuua.  In  each  Cast,  the  12  points  of  the  tharoocouple  cystea 
ware  distributed  as  follows:  thrss  each  In  the  front.  In  the  Middle,  snd 
In  the  rear  ot  the  food  load,  and  three  In  the  autoclave  chaaber. 

In  all  tests  cooductsd  under  vacuua,  the  tlae  required  for  Chs  auto¬ 
clave  chaaber  ceaperature  to  reach  250'‘F  ranged  between  three  and  five 
alnutea.  In  Che  tests  without  vacuua,  Ch*  tlaa  for  chaaber  heat-up  ranged 
between  seven  snd  nine  alnutes.  Tsble  I  susasarlses  the  findings  with  rs- 
gsrd  to  Che  tlae  required  for  Che  food  load  to  reach  cterlllsatlon  taap- 
eratura. 

In  brief,  the  teats  showed  thst  food,  either  In  bags  or  baskets,  could 
be  atari  Used  In  3S  to  4}  sdnutes,  using  the  Type  3  steriliser  esn  undsr 
vscuua  In  the  suCuclave.  These  tlae  periods  included  sn  sllcwance.^f  20 
alnutes  beyond  the  tine  Chat  any  given  point  In  the  food  load  reached 
sterilisation  tanparature.  Use  of  the  Type  3  can  without  vacuua  was  rt- 
jsetsd. 

Although  ths  Type  3  can  aaasad  usable  for  food  sterilisation  under 
Cheae  cundielona,  whether  or  not  the  food  would  have  retained  sufficient 
nutritive  value  reaalned  questionable.  The  heat-labile  vltaaln  constituents 
of  Che  food  undergo  s  asrkad  reduction  In  strer.gth  when  subjected  to  stesa 
sterlllsscion  for  aore  Chan  20  sdnutas,  as  shown  by  the  aanufacturer's 
snalyels: 


FOOD  COKSTITUEyr 

rtt  cim  !Xj6S  whin 

20  Minutes 

AinrOClAVID  F0t:l/ 
30  Minutes 

Vlcaaln  A 

20 

57 

Thlsaln 

42 

58 

Riboflavin 

0 

0 

Mlacln 

0 

0 

Pyridoxins 

0 

0 

Pantothenic  arid 

15 

34 

s.  Le'tcc  from  is  I  St  on  Furlns  Coapsny,  S**pt  Hii>*>er  18,  1961. 


*  Lab  Chow  Speclsl  Fors>ula  2,  Nunhei  5010,  Ralston  Furl"n  Company,  St  .  Louis 
Missouri . 
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TAXU  I.  MAZDflM  TIM  FOR  ANY  GIVn  FOOT  IH  THE  FCOU  LOAD 
It)  IIACH  STWLIZATIOM  TEMFUATVU  (2SO*r)^ 


TIM. 

Nlnutea 

TEST  COWmOlB 

VACIAM 

NO  VACUUM 

Typa  1  Stariliaar  Caa  .. 

Food  ia  baga: 

130.0" 

Food  ia  baakata: 

82. S 

---- 

Typa  2  Stariliaar  Caa 

Food  ia  baga: 

34.7 

* — 

Food  ia  baaiutca: 

25.6 

---- 

Typa  3  Stariliaar  Caa 

Food  ia  baga: 

19.8 

31.0 

Food  la  baakata: 

17.6 

21.1 

Autoclava  Chaa^r 

Food  la  gaga: 

6.8 

9.5 

Food  la  baakata: 

8.8 

13.0 

a.  Uh«r«  aor*  thaa  ooa  rua  waa  coaplatad,  cha  flguraa 
rapraaaac  tha  avarag*  particular  charaocoupla 

location. 


b.  Rua  waa  atoppad  at  130  aiautaa,  at  which  tiaa 
Ccaparatura  had  not  raachad  230*F  at  aay  point. 
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Cooaequent  ly ,  even  with  the  enrlch-'d-vitaaln-co.itent  food  being  used  r  v 
offset  the  effect*  of  hear  degradation,  the  aterillzatlcn  times  required  in 
our  tests  with  the  Type  i  can  seesMd  excessive.  Without  either  a  comprehen¬ 
sive  chemical  analysis  of  residual  vitamin  contcar  «  function  of  sterll.- 
aatlon  time  or  a  long-term  trial  In  trhlch  the  food  was  supplied  to  a  control 
colony  of  germfree  animals,  firm  conclusions  regarding  the  nutritive  value  of 
the  food  were  Impossible. 

However,  the  tests  also  showed  that  food,  either  in  bags  or  baskets 
placed  openly  in  the  autoclave  chaad>er,  could  be  sterilized  In  a- much  shorter 
tlM  with  or  without  vacuum.  Test  results  also  Indicated  that  the  depth  of 
the  food  had  a  definite  effect  on  the  time  required  for  all  of  the  food  load 
to  reach  sterilization  temperature.  These  two  factors  Indicated  two  alterna¬ 
tive  methods  for  providing  sterile  food  to  our  griotoblotic  stock: 

(a)  Sterilization  of  food  either  In  bags  or  baskets,  with  <  r  without 
vacuum,  In  autoclaves  con.nectcd  directly  to  each  Isolator,  or 

(b)  Stei 1 llzatlon  of  food  on  passage  Into  a  sterile  unit,  where 
the  food  could  be  packaged  In  sterile  containers,  and  then  be  removed 
from  the  unit  e.ieptlcally  for  supply  to  any  of  the  Isolators. 

From  both  a  practical  and  an  economical  viewpoint,  the  second  method  was  the 
method  of  choice,  and  the  food  sterilisation  unit  now  being  used  evolved  from 
this  concupt. 


C.  COISTtUCTlON  AND  HAJOt  COKFOMUfTS 

In  many  respects,  the  food  sterilization  unit  (Figure  7)  resembles  an 
Isolator  The  unit  I*  a  sealed,  sterile  enclosure  with  ,vrovl  si  i>r>.  for  the 
pre-stcrlllzatlon,  entrance,  processing,  and  aseptic  removal  of  laaterlals. 
Natcrlals  are  sterilized  In  and  tntr<xiuced  to  the  unit  through  an  attached 
autoclave.  Work  Is  performed  within  the  unit  through  standard  neoprene 
gloves  attached  to  the  wall  opposite  the  autoclave.  Processed  materials  are 
reah>ved  through  an  aseptic  dunk  bath. 

The  baste  chaiuber  of  the  unit  Is  constructed  of  extruded -sheet  methyl 
methacrylate,*  which  le  especially  suitable  for  structures  of  tlil«  type. 

The  plastic  sheets  were  cut  to  size,  and  screw  holes  were  drilled  and 
countersunk.  All  Joints  were  solvent -activated  with  chloroform  for  ap-,>roxt- 
mstely  20  minutes,  then  pressed  together  and  held  firmly  with  the  screwr.. 
Joints  formed  with  tht'  plastic  .n  this  manner  are  uniform,  tough,  trans¬ 
parent,  leakproof,  and  structurally  sound.  If  a  Joint  1*  not  transpirent. 

It  Is  a  g.'od  l-'dicatlon  that  It  is  not  structurally  .lound. 


*  Flcxiglas  I',  S'inch,  Rotate  Haas  Company.  Fill  1  <ide  I  ph  la ,  Pt'uns  v  1  v  a  i ;  .i . 


Figwr*  7.  Ow«r>All  View  of  food 
Stcrllltatlom  Unit* 
(n  Ncg  C>6296) 
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rhe  dunk  b«eh,  drain  trap,  air  filter  and  air  trap  suppiirtb,  aad  dil 
air  pipes  for  the  unit  also  were  constri'cted  of  ihe  san»  plastu  and  w  I'it 
by  iht  saoe  techniques. 

Where  "tal  fittings  wera  required  in  the  walls  of  the  basic  unit, 
holes  were  bored  and  tapped  for  the  proper  thread  size,  and  the 
were  sealed  around  the  threads  with  two>part  Cpoxy  cevent . 

Mlneralite  cable  was  used  as  the  line  carrier  for  the  one  electrlcii 
outlet  required  within  Che  chaaber.  Hlnertillt  cable  1*  a  copper-theaihed 
pip#  containing  electrical  wlrea  eabedded  in  a  hard-packed  non-conductor, 
which  prevents  any  aicroorganlaaa  from  traveling  Into  the  chamber  tnro.^h 
the  pipe.  Hoistiire-proof  electrical  receptaclea  were  used  both  in«lde  and 
outside  the  chamber. 

The  autoclave  otta^hed  tc  tha  IochI  start lltatioa  unit  Is  s  aojble- 
doored,  keynlers-type  sucoclave  with  s  chamber  16  Inches  long  by  9  in^hc.s 
lu  dlsmeter.  The  sutoclsve  (s  attached  to  the  plastic  housing  with  a 
stainless  steel  connector  piste,  which  hss  s  wster  jscktt  sround  its  outer 
front  perimeter.  'sp  water  circuletlpg  at  a  rate  of  23  gallons  per  nour 
through  the  jacket  sulntaina  the  adjoining  plastic  at  70’  to  SO^F  wt.en  the 
autcelave  Is  in  operation.  Uccause  tha  malting  oolnt  of  the  plastic  is 
appr  js  Inate  ly  180*f,  tha  water  auat  be  circulating  at  all  times  wh.en  the 
sterilizer  la  being  used  and  for  about  two  hoers  following  shutdown.  Two- 
pact  Iposy  cement  was  used  as  a  sealer  around  the  heads  of  the  bolt^ 
connecting  the  autoclave  to  Che  connector  plate.  The  same  cement  also 
was  used  as  a  sealer  between  tie  water  Jacket  and  the  plastic  housing. 

As  manufactured,  no  provlalon  was  made  on  the  autoclave  f ^r  operating 
the  Jacket  steam  IrratpecClve  of  the  chaariser.  Consequently,  the  eut>'' 
clev*  had  to  be  modified  to  provide  separate  steam  condensate  lines  for 
the  chemb«r  and  the  Jacket  It  also  was  necassary  to  provide  a  itear 
bleeder  line  on  the  chamber  steem-condensace  line  so  that  the  chamber 
pressure  could  be  bled  to  atmoapherlc  with  steam  on  the  Jacket.  These 
iv'dt  f  l.  at  l  'ns  were  neiessary  so  tl  a»  the  fi>c«d  t.nild  be  dt  le  1  tn  tie 
chamber  fullowl'g  start Uiation. 

Ihc  tnl>(-alr  filter  u»ed  ''n  the  unit  is  assent  tally  a  saull  venion 
of  t*»  s'eiilicer  •  an  prrv'ously  described.  It  couslti*  i>i  a  -.le.nlt-s 
steel  :yl:'>dtr  Id  Inch*'  long  by  3  Inches  in  diameter,  wit"  si  liil  ,  ki- 
end  a  l3-inc*  ...-  itral  section  eade  of  the  same  rtainlcss  •tcrl  tspaivhd 
smtal  used  in  tic  size.  Iizrr  .an.  The  see*  filler  sutrtlai  and  proicc  t  i  vc 
c  opp*  f  s»fc»r  i're»n  us*J  on  the  sterilizer  tan  also  are  us  .■*  on  (h.  lit 
flit  r.  I’  sMi.l.Ti,  however,  a  polyvi-ivl  chloride  sUev,  ic  p  I .-d  .  >v>  r 

pr.'<  tiv.  ..r,,n  h.  fort  all  are  clanpeo  f  1  re  1  v  in  pi'  .  .it  .|■l*l  i' 

. ylind*  r  ad ju' t  ibl»  lamp*  ihcS  Inlrt  air  tiic.i  y.  -•ftilici  I 

1-1  lit  '.a.  -  snn«-r  prcvi-isl,  letiribt'l  for  ’i.t  i<i"I,ii  .r  inUt-i.r  til''-- 


Air  is  fed  Into  the  filter  through  a  tube  in  the  polyvinyl  slccvt,-. 

The  air  passes  through  the  filter  aateiial  into  the  cylinder  and  exftii 
at  the  top  of  the  cylinder  through  a  one-inch  stainless  steel  nlppU-. 

This  nipple  is  connected  to  the  air  lnl3t  of  the  food  unit  with  a  Tygon 
tutMt  approxlnutte  ly  three  inches  long  ani  one  inch  in  diasKter.  Air  is 
provided  to  the  unit  at  a  flow  rate  ot  approxisutely  four  cubic  feet  per 
minute,  which  provides  approximately  one  complete  air  change  in  the  unit 
every  three  minutes.  A  positive  air  pressure  equivalent  to  approximately 
3/A  inch  of  water  also  is  maintained  in  the  unit  a  all  tisws. 

Originally,  a  glycerin  air  trap  was  used  on  the  food  unit  air  outlet. 
In  such  a  trap,  the  outlet  air  pressure  floats  an  inverted  cup  in  a  poii  I 
of  glycerin  as  long  as  positive  pressure  exists.  If  the  air  pressure 
drops,  the  cup  subeserges  and  seals  the  exhaust,  thus  preventing  a  backflow 
of  contaminated  air  into  the  unit.  We  found,  however,  that  the  hygro¬ 
scopic  nature  of  the  glycerin  caused  the  liquid  level  to  rise  in  the  trap. 
This  suild-up  not  only  presents  a  contamination  haxard,  but  also  will 
resul:  in  blocking  the  trap  if  not  attended  regularly.  Consequently,  the 
glycerin  was  replaced  with  heavy  mineral  oil,  which  has  given  satisfac¬ 
tory  results. 

T'.ie  dunk  hath  Is  located  !t  the  bottom  of  the  food  steri  1  Itat  Ion  unit 
on  Che  right  side.  The  bath  measures  approximately  10  inches  by  14  inches 
by  12  inches  deep.  A  7-lnch  encension  of  the  side  ot  the  food  chamber 
dl'.'ldes  the  open  top  of  the  bath  ao  tnat  half  opens  into  the  chamber  aiid 
h.lf  opens  to  the  outside  of  the  unit.  The  bath  (s  filled  with  two  per 
cent  Lysol  solution.  The  bath  allows  sterile  Mterlals  prepared  in  inc 
unit  to  he  passed  to  the  outside  without  contaei’.tatlng  the  unit.  A  lid 
Is  provided  to  cover  the  portion  opening  on  the  inside  of  the  unit  when 
the  bath  is  not  in  use. 

The  last  sujor  basic  compi'nent  of  (he  food  sterilization  unit  Is  the 
drain  trap.  This  consists  of  a  square  drain  pit  located  to  the  left  of 
center  In  the  b^ittom  of  (he  unit.  The  drain  pit  empties  Into  a  L'-tube 
trap,  which  is  filled  with  Lysol  solution.  The  drain  trap  ouikes  It 
possible  to  rtssive  spilled  liquid  wastes  from  the  unit  without  dumping 
(hem  Into  the  dunk  hath,  which  could  spoil  the  dunk  bath  solution  and. 
necessitate  a  shut-d<iwn. 


0.  TESriMT.  A.ND  STCdlL I/.AT ION 

The  inlt  w.«s  tested  f 'r  leaks  with  .1  f.eon  Lt.ik -Detect  Ion  Api.ir.u  :ir. 
first,  the  chamber  was  ev.uuateJ  to  six  inches  of  w.Uer  v.«c’ium.  Then  .i 
ciinl.itn  r  holding  fre.in  under  piessure  was  attached  t<>  (her  st er I  1 1 .ii  i .>n 
,)..it,  the  vacuum  t.  ihe  ih.irh,T  w.ts  rele.isrd,  the  frcim  re  t  r  I  r.int.  c.i'. 
was  fed  to  the  chasiher  until  the  internal  pressure  rettlud  sih  uu  he* 
wit'  r.  .nd  th«  w.is 
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The  leek  detector,  e  hend-hc'd,  gun-type  device,  Chen  was  use-l  ti^  :  r 
ell  perlactcre  end  other  possible  teak  points.  Even  trace  qtanclii(.-°  <'t 
leaking  Freou  will  cauae  a  deflection  of  Che  needle  on  thcJ.'  gav.'Kf 
and  also  cause  rhs  dwiecCce  to  «em.i  aa  audible  tone.  One  leak  was  tviend 
around  the  dunk  bach  In  the  first  test.  The  leak  was  sealed  with  Epoxy 
cenenC,  and  the  unit  waa  retested  and  found  to  be  free  of  leaks. 

Once  the  food  sterilisation  unit  was  proved  leakproof,  It  was  ready 
for  sterllltaclon  and  subsequent  operation.  Is  sterilisation  port  coi,- 
slsts  of  a  double -waived,  3/S-lnch,  stainless  steal  pipe  located  In  me 
right  wall  of  the  unit. 

To  sterilise  the  unit  the  outer  door  of  the  autoclave  and  all  autoclave 
valves  are  closed  securely.  The  Inner  door  of  the  autoclave  Is  opened,  and 
the  Inner  door  ring  gasket  Is  resH>ved.  The  chasdrer  Is  evacuated  to  six 
Ir.ches  of  water  vacuun.  A  contaiiter  holding  ethylene  oxide  gis  under  pres¬ 
sure  Is  attached  Co  Che  sterilisation  port.  The  vacuun  on  the  chaai>er  is 
relessed  with  the  introduction  of  ethyleiM  oxide,  which  is  continued  until 
the  Internal  chamber  pressure  reaches  six  Inchws  of  water  The  chusber 
then  la  sealed,  aitd  Che  unit  Is  allowed  to  staiwl  for  24  hours,  after  which 
all  Internal  co«ponencs  are  sterile. 

As  a  check  on  sterility,  a  test  strip  containing  spores  of  Bscl 1 lus 
subt 1  Its  var .  nieer  waa  placed  in  a  cotton-stoppered  test  tube  In  the 
chaaiber  during  star  1 lisat ion.  The  strip  was  a  part  of  the  packaged 
standard  sterility  test  Material  provided  by  an  autoclave  aunuf acturer . * 

The  test  strip  proved  negative,  the  control  strip  positive. 

T)4ls  sterl llsac Ion  procedure  for  the  food  unit  also  provides  a 
secondary  check  of  the  tightness  of  the  systen.  If  any  leaks  are  ptetent, 
a  drop  In  pressure  will  be  noted  at  the  end  of  the  sterilisation  perttHl, 
as  Indlcsied  by  a  U-tube  water  nanoMeter,  tdiich  can  be  used  to  shinlt  >r 
pressure  throughout  the  sterilisation  period. 


E  OmATION 

0r.ee  the  unit  has  been  sterilised,  th»  basic  awthods  .>(  upwrut  I'Ui  .iri- 
rtlatlvtly  staple  Materl-ls  are  sterilised  in  the  autoclave,  paisul  ini' 
th?  Men  Ic  ihiaber.  reeled  In  sterile  cont-nners,  snd  reaoved  ft<'n  t:. 
chaaber  vis  the  dunk  bath.  Materials  prepared  In  this  sinner  thcii  i  so  he 
introdu.  tJ  Into  the  Isulatois  through  the  is>.tat.>t  pasx -tt  rowgl  l".k-. 
using  the  arthod  it  chenlcal  tt cr 1 1 1 sat  I  on  prevluisly  desirlbrd.  Al 
Ihojgh  Me  following  deter  ipt  i.m  concentrates  on  t  t.e  proic  xs  i  n»,  ■!  i  ■  .! 

through  MiS  unit  preltrinsry  tests  have  shown  that  he'h*ing.  w.itit.  .■  id 
other  su'erials  t  )  l>s  used  n  me  Isolators  can  he  pror.’ss.d  ’ct  ■  i,' 
s  ter  1  I .  sat  1  on  unit  in  the  saae  rsanner. 


*  S'  s  r  i  1  l/  it  ton  e  i  f  1 1  U  oc  V  t  est  package .  Aaa-i  u  .in  S  t «  r  1  !  i  / 1  r  i  .  I  ’ 

P.-msylvsna 
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Food  CO  b«  proc*a**d  Chrouch  ch«  unit  la  placad  In  acalnleaa  aceel 
wlra  Mah  baakata  lachaa  da«p  by  5  inchaa  wtd«  by  11  Inchca  long.  The 
pravlowa  auCoclav*  caaca  ahowad  cbac  cbla  dapCh  of  food  In  wire  baakcca 
could  ba  acarlllaad  ulthln  cha  «axl«uai  allowabla  tlaa  lladta.  Two  of 
thaaa  baakaca  full  of  food  can  ba  atarlllcad  In  Cha  ualc  auCoclava  ac  ona 
ClM. 


ApproxlaaCaly  IS  ninucaa  bafora  a  acari llsaclon  run,  Cha  aCaan  Una 
CO  Cha  Mitoclava  JackaC  la  opanad  Co  allow  cha  Jac.^C  Co  prahaac  in  order 
ro  raduca  cha  chanhar  haac*up  Clan,  ihan  cha  JackaC  caaiporacura  raachaa 
2S0*F,  Che  cwo  baakaca  of  fo^  ara  placad  In  Cha  chaahar,  Cha  door  it  doted 
aacwraly,  cha  chanbar  acaaa  valva  la  opaaad,  and  wha  chanbar  la  broughC  Co 
2S0*F  (IS  palg).  Thia  ra^ulraa  about  fiva  to  aavan  ninutaa.  Whan  the 
chaabar  raachaa  atari  Iliac  Ion  tanparacura.  It  la  nalntalnad  at  atari  Il¬ 
iac  ion  Caaparatura  and  praaaura  for  20  aUnutaa.  Tha  chaaibar  aCaaa  Chan 
la  thuC  off,  blad  Co  acnoapharlc  praaaura,  and  Cha  food  la  allowad  Co  dry 
for  IS  mlttucaa.  Following  cha  drying  parlod,  tha  autoclava  loor  to  Cha 
Incarlor  of  cha  unit  la  opanad,  and  tha  atari  Iliad  food  la  r  taiovad  fron 
tha  aucoclawa  Into  cha  ualc  (Flgura  8). 

Tha  coocalnara  uaad  for  packaging  Cha  fo^  ara  8-lnch  bv  12'lnch, 

20-nll,  polyvinly  chlorlda  baga.  Thaac  baga  ara  pra-aaalad  on  three 
tldaa  and  examined  for  flawa  ouCalda  tha  unit.  Fapar  towala  are  placad 
In  and  batweaa  cha  baga  to  kaap  than  opan  and  aaparacad  during  atari  11- 
lacloa.  They  chan  ara  acarlllaad  In  tha  autorlava  for  20  ninutaa  and 
dried  bafora  paaaaga  Into  tha  unit.  Tha  baga  ara  alluwad  to  cool  In  tha 
unit  bafora  they  ara  uaad  bacauaa  Cha  autoclava  heat  nakaa  than  aoft  and 
pllabla,  and  thay  tear  eaally  in  thia  atata. 

Flgura  9  ahuwa  one  of  tha  baga  balng  filled,  laga  ara  filled  with 
food  CO  approalnataly  7S  par  cant  of  volunn.  Tha  opan  end  then  la  (oaled 
with  a  heat  aaalar*  contained  la  tha  unit.  Thia  aaalar  la  praaat  to 
operate  at  )S0*F  and  haa  a  conatant-tanparacura  control  to  aalataln  tha 
Jm*  at  that  ceaparature.  Tha  novable  top  Jaw  and  tha  baaa  of  rha  aaalcr 
were  covered  wlih  ^-Inch  blocka  of  Inaurock**  to  prevent  tranafar  of 
ascaaalva  heat  to  tha  chanhar  floor  and  tha  operator 'a  work  glovea. 

Bafora  (ha  baga  ara  laalad  tha  and  to  ba  raaled  la  Inapected  vliually 
to  laa  (hat  no  food  fragnenta  ara  in  a  poeltlon  to  intarfara  with  tha 
taal,  Tha  open  end  than  li  placed  between  tha  Jawa  of  the  aealer. 


*  Ftwerwald  Crlnpwaatar,  Modal  2St,  llS-volt  a.c.,  SOO-watt,  Cleveland 
Lain#  4  Machine  Coaa>any,  Cleveland,  Ohio. 

**  The  kt.-hardaon  Coapany,  Malroaa  Fark,  Illinoia. 


Figur*  ft.  Starlllxcd  F..>i  ‘•il'tg  R«M>vcd  fro*  Autoclav* 
Into  Ch«ab«r,  (iD  Neg  C-t>2')'i) 


ftgur*  9.  Op«T»t'>r  F'll.i: 

StcrJU-M'.l  F. .  I 
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The  top,  epr iai;- loede'l,  aoveble  Jew  le  preaied  'lown  by  hand  end  held  in 
poaltloa  for  five  eecotMle.  This  'lealing  tiae  is  extreaely  critical  be- 
cauae  polyvinyl  chloride  fila  la  ^-ot  noraally  hcot-ccoicd.  Too  auch  heat 
will  owlt  the  plaaclc,  too  little  will  result  In  an  iaperfect  seal.  Al¬ 
though  the  technique  aounda  difficult.  It  la  actually  quite  alaple  once 
the  tlaing  la  perfected.  Figure  10  ahowa  a  bag  being  aealed. 

After  the  beg  la  aealed,  it  la  aet  aalde  to  cool  to  rooei  teaperature. 
Then  the  bag  aey  be  removed  from  the  unit  via  the  dunk  bath.  The  lid  of 
the  dunk  bath  la  removed,  the  bag  la  pushed  down  under  the  dividing  piar- 
t It  Ion  of  the  bath,  and  the  buoyancy  of  che  air  aealed  In  the  bag  cauaes 
It  to  float  to  the  aurface  on  the  outside.  The  bag  can  be  subewrged  In 
the  dunk  bath  solution  and  aqueesed  to  check  for  leaks.  After  this,  the 
h«S  ceo  be  stored  for  future  use  or  transferred  laaedlatcly  to  an  anlowl 
Isolator.  Figure  11  shows  a  aealed  bag  being  placed  In  the  dunk  barb 


Fluure  10.  B«g  Filled  with  Sterile  Feed  Being  Heat-Sealed 
(FD  Heg  C-629S) 


^  /  -  -V  -f  V| 

.v  ^  i ',  --  ‘I  f  u  - 1  “ 


Sc  lied  B II’  >'f  Sterile  Feed  Hein 
Dunk  Bith  fur  Tr  irvfer  t‘>  Out  ■  i 
(FD  Soi’  C-i’r'f  .) 


Figure  11 
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IV.  Discussion 


Th«  atcrl Illation  of  food  for  garvfraa  aalaali  praianti  a  lerious 
problaa  to  tha  Invaiclgator  who  cannot  afford  to  naka  a  larga  Invaatnent 
in  aqulpaint.  Tha  only  aathod  pravloualy  aval  lab  la  at  nonlnal  coit  was 
tha  ona  racoMrodcd  at  tha  1961  Lobund  Gnotoblotlc  Workshop,  which  con- 
■  litad  of  tha  baalc  raglaan  with  tha  vactnm  autoclava  and  atari  llsatlon 
cam  pravloualy  daacrlbad. 

Ixtanalva  taata  of  thla  iMthod  In  our  f^cllltlaa  ahowad  that  ataaai 
atari Illation  for  45  alnutaa  at  waa  raqulrad  to  Inaura  atari llty 

of  food  In  tha  apparatua  uaad.  Such  a  atarllliatlon  parlod  la  datrlawntal 
avan  to  anrlchad  faad  bacauaa  tha  haat>lablla  vltaain  contanta  dagrada 
rapidly  whan  axpoaad  to  250*F  for  aora  than  30  atinutaa.  k  aurvay  of 
othar  altamatlva  nathoda  Indlcatad  that  thay  wara  too  axpanalva  for 
our  purpoaaa.  Conaaquant ly,  wa  davalopad  tha  food  atarllliatlon  unit 
and  nathoda  daacrlbad  In  tha  pracadlng  aactlon. 

Since  Auguat  8,  1961,  no  accldantal  contaadnatlona  hava  occurred  Irt 
our  laolatora.  Tha  food  atarllliatlon  unit  Uaa  baan  In  oparatlon  for 
tha  Mat  five  nontha  and  haa  baan  mad  regularly  to  pcepMce  food  fur  the 
laolatora  throughout  that  tine.  Thlrty-thraa  antrlea  have  baan  iMda  to 
tha  laolatora  in  aupplylng  food  praparad  In  tha  unit. 

Tha  laolatora  hava  baan  chackad  parlodlcally  for  contanlnatlon. 

Swaba  of  facal  antarlal  raixyvad  from  tha  laolatora  ara  atraakad  on  blo«<d 
agar  and  Inoculatad  In  thloglycolata.  Thaaa  nadla  ara  Incubated  at  37*C 
for  ona  waak.  To  data,  no  growth  haa  baan  obaarvad. 

Thaaa  nagatlva  cultural  do  uot  entirely  rule  out  tha  poaalblllty  of 
contanlnatlon.  However,  thr.y  ara  a  good  Indication  of  tha  affactlvanaaa 
of  tha  ayatan  bacauaa  a  an jor  deficiency  would  hava  Introduced  organlana 
capable  of  growing  on  these  nadla.  Unfortunate Iv,  tlan  baa  not  yet  per*^ 
nltted  extenaivc  bacteri Jloglcal  acraening  of  the  nlca  to  determine  more 
accurately  their  gnotobiotlc  atatua. 

Tha  sterilization  tlna  of  20  nlnutaa  uaad  with  our  ayaten  la  con* 
alderablv  shorter  than  those  used  In  sterilizer  can  s/staaw  for  the  steam 
sterilization  of  food  for  gnutoblotes.  This  reduction  In  sterilization 
tlan  not  only  Increased  the  efficiency  of  tha  operation  but  also  resulted 
In  a  higher  <]>jallty,  more  palatable  food.  Tha  charred  appearance  charac* 
terlstlc  ot  food  autoclaved  for  longer  periods  la  not  nearly  as  pronounced 
In  our  food.  FurthariMre,  mice  raised  on  food  praparad  In  the  unit  have 
shown  a  significantly  higher  rate  of  reproduction  than  thos*  raised  on 
food  processed  In  the  sterilizer  cans. 

Actually,  the  question  of  the  degradation  of  the  nutritive  vjlue  of 
food  sterilized  for  supply  to  gnotoblotlc  animals  reaulns  a  matter  worthy 
of  definitive  investigation.  To  our  knowledge,  no  detailed  work  has  been 


done  on  a  coaparlton  of  the  residual  nutritive  value  of  food  sterilized  by 
heat  and  ocher  aetheds,  such  as  irradiation.  Long-cerv  trials  with  gntti- 
blotlc  colonies  raised  on  food  sterilized  by  various  existing  oiethuds  could 
provide  Invaluable  basic  reference  data  on  diets  for  use  In  future  gnoto* 
biotic  Investigations. 

The  total  cost  of  Che  food  sterilization  unit  described  here  was 
approxinacely  $2500.  However,  this  figure  Includes  Che  cost  of  the  initial 
engineering  design  work,  Including  the  sodlfl  atlons  required  in  the  .itirn> 
clave.  The  cost  to  reproduce  the  food  sterilization  unit,  Including 
■aterlals,  construction,  Installaclon,  autoclsve,  and  all  components, 
should  not  exceed  $2000.  This  Is  relatively  Inexpensive  when  compared 
with  ocher  equipment  capable  of  supplying  the  amount  and  quality  of  diet 
that  can  be  produced  using  this  system.  The  Isolators  we  are  using, 
Including  the  basic  plastic  envelope,  all  attachments,  and  the  base,  .ost 
approxlxate ly  $200  each. 

The  fact  that  the  single  food  unit  can  be  used  to  prepare  food  for 
supply  to  a  nusHicr  of  Isolators  by  the  described  smthods  Is  one  of  the 
skajor  factors  In  Its  economic  feasibility.  However,  the  single  food  prep' 
aratlon  unit  concept  does  present  the  possibllU>  that  an  undetected  con* 
casilnatlon  In  the  unit  cculd  affect  smny  Isolators.  To  date,  we  have 
encountered  no  difficulties,  but  frequent  sterility  checks  are  run  on 
food  prepared  In  the  unit  aud  extreme  care  Is  taken  to  prevent  accidental 
contamination  of  the  chamber  while  the  unit  Is  In  operation. 

Currently,  we  are  storing  food  prepared  In  the  unit  within  the  unit 
chambet  until  it  is  needed  for  transfer  to  the  Isolators.  When  time 
studies  of  food  prepared  in  the  unit  and  then  stored  outside  prove  thr 
Invulnerability  of  the  food  package,  food  can  be  prepared  In  large 
batches  and  scored  outside  Che  unit  until  needed.  Such  outside  storage 
will  increase  both  the  efficiency  and  economy  of  the  system. 

The  ultimate  solution  to  the  problem  of  providing  sterile  food  for 
gnotoblotic  studies  lies  with  the  cosmmrclal  feed  sunufacturer i< .  When 
one  of  these  produces  a  uniform,  high-quality,  sterile  feed,  the  cost 
of  laboratory  studies  with  gnotobiotes  will  be  reduced  substantially. 


Although  our  work  with  gnctoblotlc  animals  has  covered  only  a  rela¬ 
tively  short  period,  the  results  achieved  to  date  have  been  very  encouiag 
Ing.  One  of  che  purpcses  in  undertaking  these  studied  was  to  Improve  the 
breeding  stock  at  the  Fort  Detrick  Animal  Farm.  Results  to  date  Indicate 
that  wcrthwhlle  Improveswnts  are  possible. 

As  noted  previously,  germfree  slice  supplied  by  Lobund  Institute 
originally  were  used  as  foster  mothers  for  Caesarean-derived  mice  from 
our  own  stock.  Mice  so  raised  in  our  gnotoblotlc  Isolators  were  allowed 
to  breed  and  reproduce,  and,  at  three  weeks,  r'le  weanling  mice  were  trans 
ferred  to  a  conventional  clean  breeding  room  r-et  aside  for  these  studies. 
The  construction,  use,  and  regimen  enforced  In  such  rooms  at  the  Fort 
li>etrlck  Animal  Farm  have  been  described  In  detail  by  Rabstein.^ 

Unquestionably,  Che  germfree  mice  transferred  to  the  conventional 
breeding  room  have  since  been  contaadnated  with  microorganlsma.  A 
systematic  ev.<mlnation  of  these  mice  for  known  mouse  pathogens  Is  under 
way.  Thus  far.  laboratory  testa  have  shown  that  these  mice  are  free  of 
Salasinelle,  lymphocytic  chor loemnlngltis,  and  Tyler’s  virus,  which  were 
eliminated  from  our  conventional  colonies  in  earlier  work  with  Caesarean- 
derivation  of  breeding  stock.  Moreover,  to  date  these  mice  have  remained 
free  of  any  clinical  evidence  of  Infantile  diarrhea,  idilch  has  caused 
occasional  problems  In  our  conventional  colonies.  Finally,  these  gnoto- 
blotlc  mice  also  have  remained  free  of  ecto-  and  endoparasites.  If  this 
record  can  be  maintained  as  this  nucleus  of  gnotoblotlc  stock  enlarges, 
it  will  effect  a  marked  Improvement  in  the  quality  of  our  mouse  colony. 

In  addition  to  our  gnotoblotlc  studies  with  nice,  much  effort  has 
been  concentrated  on  the  establlshamnt  of  a  nucleus  gnotoblotlc  stock  of 
guinea  pigs.  A  detailed  report  of  this  work  will  appear  later.  It  may 
be  of  Interest  to  note,  however,  that  the  problems  Involved  In  transition 
of  germfree  guinea  pigs  to  the  conventional  state  have  proved  much  oKire 
.:omplex  than  those  in  mice. 


The  three  goela  escebllehed  when  we  began  our  gnotoblotlc  studies 
show  roeUse  of  echleveaent. 

First,  we  have  successfully  adapted  existing  gnotoblotlc  apparatus 
and  netheds  to  our  wn  facilities.  The  developaent  of  the  food  steri¬ 
lisation  unit  and  attendant  nethods  for  its  us>.,  together  with  the  laodi- 
flcatlons  of  other  existing  gnotoblotlc  apparatus  and  Methods,  have  re¬ 
sulted  In  an  effective  gnotoblotlc  systen  that  Is  econoMlcally  feasible 
for  the  scope  of  our  operations. 

Second,  the  nucleus  of  gnotoblotlc  nice  and  guinea  pigs  successfully 
produced  thus  far  will  provide  a  neans  for  Improving  the  quality  of  our 
large-scale  breeding  colonies.  As  more  eoperlence  in  gnotoblotlc  appa¬ 
ratus  and  nsthods  Is  gained,  these  techniques  can  be  applied  to  the  In- 
pre-venent  of  other  species  of  laboratory  anlsnls. 

Third,  the  experience  we  have  gained  In  our  studies  will  provide  a 
fund  of  basic  gnotoblotlc  Inforsntlon  for  other  Investigstors  In  these 
Isbor stories. 
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